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402a Tuesday, February 10, 2014measurement and manipulation of Fd is a challenge. Here, we present direct
measurement of dipole electrostatic field within vesicular bilayer using vibra-
tional Stark effect (VSE) shifts of nitrile oscillator in response to the local elec-
trostatic field. We intercalated four different a-helix transmembrane peptides
containing unnatural amino acid, p-cyanophenylalanine (p-CN-Phe) at four
unique positions into unilamellar vesicles composed of 1,2-dimyristoyl-sn-
glycero-3-phosphocholine (DMPC). Molecular Dynamics simulations of the
membrane-intercalated helix containing two of the nitrile probes, one near
the head-group region of the lipid and one buried in the interior of the bilayer
were performed to examine the structure of nitrile with respect to the membrane
normal, the assumed direction of Fd, by quantifying both tilt of the helix in
bilayer and conformational rotation of the p-CN-Phe side chain at steady-
state. As nitrile systematically moved towards the membrane interior, the vibra-
tional absorption energies of nitrile showed blue shift. We used the measured
VSE shifts and nitrile orientations within the membrane and calculated the
magnitude of Fd to be 811 MV/cm, within the range reported in the literature.
We increased the chemical and structural complexity of model membrane by
adding cholesterol into vesicle composition at different concentrations and
determined that Fd changes as function of membrane composition and
temperature.
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We investigate how a small cell-penetrating peptide called Pep-1 is able to
carry a large object, such as a protein, across a lipid bilayer. To create a mem-
brane, two submicroliter, lipid-encased aqueous droplets are contacted -
termed a droplet interface bilayer (DIB). The peptides adsorb to the protein
cargo non-covalently and somehow ‘‘carry’’ the protein from one droplet to
the other through the membrane. We then quantitate the translocated cargo
through a fluorogenic assay. We found that transport is dependent on voltage
and membrane charge, and that the symmetry of the bilayer membrane may
play a role in Pep-1-mediated protein translocation. Proteins as large as b-
gal (540 kDa) can be translocated using this method and we can detect as
few as several thousand molecules. More recently, we’ve shown that traf-
ficking can be monitored in real time, permitting a closer view of transport
than ever before. We expect this new method will give some hints on the trans-
portation driving force and make deciphering direct translocation mechanisms
possible.
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It is well known that the addition of adenosine triphosphate (ATP) to the
extracellular suspension of a variety of cell types increases the relative
permeability of the cell membrane to a number of molecular species. We
have previously demonstrated the use of time-resolved second-harmonic
laser scattering (SHLS) and bright-field transmission microscopy (TM) as
complementary real-time probes of molecular uptake in living cells (1,2)
which are capable of revealing membrane-specific transport kinetics. Herein,
we employ SHLS and TM to quantify the ATP-induced enhancement of
membrane permeability in living Gram-negative bacteria. Specifically, we
characterize the variation of the uptake rate of the cationic triphenyl
methane dye malachite green (MG) into E. coli as a function of the concen-
tration of ATP added to the extracellular suspension. As expected, due to
the presence of the outer membrane (OM) porin channels, no change in
the OM transport kinetics is observed. Conversely, transport across the cyto-
plasmic membrane (CM) is shown to increase by nearly an order of magni-
tude. Additionally, the presence of ATP results in an increase of MG
adsorption onto the CM, suggesting that the permeability enhancement
likely arises from a potential differential across the membrane. To gain
mechanistic insight into the observed enhancement, we conduct control ex-
periments using liposomes generated from lipids isolated from E. coli,
including liposomes 1) composed solely of lipids, 2) with internalized
ATP, 3) reconstituted with nucleoside transporters, and/or 4) reconstituted
with ATP binding cassette cation transporters (and associated internalized
cations). Subsequently, using model systems of gradually increasing
complexity, the effectiveness of each membrane component on the observed
permeability enhancement is compared.
1. Zeng, J., et al., (2013) Biophys. J., 104:139-145.
2. Wilhelm, M.J., et al., (2014) Chem. Phys. Lett., 605-606:158-163.2022-Pos Board B159
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ABSTRACT: The mechanism of trans-membrane ion permeation is studied us-
ing charged methyl guanidine as a model ion. With a widely applied reaction
coordinate, our umbrella sampling results reveal a significant finite-size effect
in small simulation systems and a serious hysteresis in large systems. There-
fore, it is important to re-examine the simulation techniques for studying
trans-membrane permeation mechanism of ions suggested in previous works.
In this work, two novel collective variables are designed to acquire a contin-
uous trajectory of the permeation process and small statistical errors through
umbrella sampling. A water-bridge mechanism is discussed in detail. In this
mechanism, a continuous water chain (or a chain of water molecules and lipid
head groups) is formed across the membrane to conduct the trans-membrane
permeation of charged methyl guanidine. We obtain a continuous transition tra-
jectory by combining the two-dimensional umbrella sampling in the local re-
gion of the saddle state and a one-dimensional sampling in the out region.
Our free energy analysis shows that, with the presence of the water-bridge,
the energy barrier of the trans-membrane permeation of ions is reduced signif-
icantly. Our analysis suggests that the water-bridge mechanism is common for
permeation of ions across thick membranes, including POPC and DPPC
membranes.
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Imaging the ion flux through channels or membrane pores using fluorescent in-
dicator dyes is an attractive alternative to patch-clamping as a means to make
parallel measurements from individual channels. Current methods are restricted
to imaging calcium-permeant channels, primarily due to the limitations in dye
performance. Here we present a method for potassium flux imaging using TIRF
microscopy in droplet interface bilayers. Using the potassium indicator dye
APG-4 we visualize the formation of individual electropores, and examine
the response of pores to the applied potential.
2024-Pos Board B161
Variable Adhesion Strength for Giant Unilamellar Vesicles Controlled by
External Electrostatic Potentials
Jan Steinkuehler, Jaime Agudo-Canalejo, Reinhard Lipowsky,
Rumiana Dimova.
Theory & Bio-Systems, Max Planck Institute of Colloids and Interfaces,
Potsdam, Germany, Potsdam, Germany.
We developed an experimental setup to study adhesion of giant unilamellar
vesicles (GUVs) with variable adhesion strength. The vesicles adhere to a
planar substrate. The adhesion is easily modulated by the application of an
external potential to transparent ITO electrodes (the substrate) which enables
us to study single GUVs during adhesion. The adhesion energy is calculated
from the vesicle shape assessed with confocal microscopy. We implement a
theoretical method for deducing the adhesion energy based on the overall
vesicle shape. The results show that for the explored ranges of the external po-
tential, the adhered vesicles are in the weak adhesion regime. Using fluores-
cence quenching assays, we conclude that the outer membrane leaflet is
depleted of the negatively charged dye NDB-PG in the adhesion zone. Based
on these results, we discuss the driving forces involved in the vesicle adhesion.
Using FRAP measurements, we also show that diffusion is only slightly hin-
dered in the adhesion zone. Some first results on applying our adhesion
approach to study demixing in multicomponent membranes will be presented.
We will demonstrate that adhesion can be used to modulate the phase state in
the adhering and nonadhering regions of vesicles exhibiting coexistence of
liquid ordered and liquid disordered domains.
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Acinetobacter baylyi ADP1 is an ideal bacterial strain for synthetic biology and
metabolic engineering due to its high natural transformability and capability for
